Supplementary materials
The presented three-dimensional simulations in Fig. 4were performed by SISYFOS ( code, optical parametric frequency conversions in nonlinear media are simulated by utilizing a Fourierspace method. SISYFOS solves the coupled differential equations for the slowly varying amplitudes. This model can take into account most of the relevant physical effects in the frequency conversion such as propagation effects, second and third order nonlinearity, thermal effects, two-photon absorption, and non-collinear interactions. In this numerical simulation, we neglected the thermal effects, third-order nonlinear processes, and two photon absorption.
The Sellmeier coefficients are obtained from .For simulating the NIR channel, the amplified spectrum in the first stage (orange curve in Fig. 2 -a) was further amplified into two additional amplification stages. The remaining energy (8.3 mJ) from the second harmonic module at 515 nm was used to pump the second stage and recycled at the third amplification stage.
The pumps beam size was adjusted to keep its peak intensity at 100 GW/cm 2 . The parametric amplification was formed in an LBO crystal with a phase-matching angle of 15.5 o , an internal non-collinear angle of 1.05 o , and d ef f = 0.82pm/V resulting in the amplified pulse energy of 1.7 mJ. The detailed parameters of the NIR chain are summarized in Table 1 .
For simulating the amplified spectrum of the MIR channel (brown curve in Fig. 2-a) , 8.92 mJ of pump energy at 1030 nm was used to pump two OPCPA stages, while the pump energy was recycled at the last stage. The pump intensity in all stages is set to 70 GW/cm 2 . The signal energy was boosted to 2.1 mJ in the MIR chain by using a typeI, lithium niobate (LiNbO 3 ) crystal with a phasematching angle θ = 42.9 o and assumed d ef f value of 3.96 pm/V. Table 2 summarizes the simulation parameters of the MIR channel. Table S1 . Simulation parameters of the NIR channel. Table S2 . Simulation parameters of the MIR channel.
